The involvement of TLR2 receptor in the innate response to infection with Bacillus anthracis was investigated. We studied the response to virulent or attenuated Vollum strains in either in vitro assays using macrophage cultures, or in an in vivo model comparing the sensitivity of Syrian hamster cells (expressing normal TLR2) to Chinese hamster cells (lacking functional TLR2) to infection by the various B. anthracis strains. Phagocytosis experiments with murine cell cultures or primary macrophages from both hamster strains, using virulent or attenuated Tox þ Cap À , Tox À Cap þ or Tox À Cap À spores indicated that the secretion of TNF-a was induced by all the bacterial spores and purified spore antigens. In contrast, capsular antigens induce secretion of TNF-a only by Syrian hamster macrophages indicating the involvement of a functional TLR2 in macrophage activation. Challenge experiments with both hamster strains by intranasal spore inoculation, indicated that, while both strains are equally sensitive to infection with the virulent strain, the Chinese hamster demonstrated a higher sensitivity to infection with the toxinogenic or encapsulated strains. In conclusion, our findings imply that TLR2 has an important role in the attempt of the innate immunity to control B. anthracis infection, although TNF-a secretion was found to be mediated by both TLR2-dependent and TLR2-independent pathways.
INTRODUCTION
Inhalational anthrax is a rare disease associated either with industrial exposure to Bacillus anthracis spores or intended bioterrorism attack. 1, 2 After exposure, the inhaled spores are, presumably, quickly phagocytosed by alveolar macrophages, 3 which migrate into the body towards regional lymph nodes. 4 There is strong evidence that spores germinate within macrophages, proliferate in lymph nodes and finally escape into the blood stream. 3, 5 Although the majority of germinated spores are efficiently killed by macrophages, 6, 7 the disease progresses to death in most untreated cases.
The virulence of B. anthracis is attributed to the tripartite toxin and the capsule, encoded on the pXO1 and pXO2 plasmids, respectively. 8 The tripartite toxin consists of protective antigen (PA), lethal factor (LF) and edema factor (EF). Toxic activity is expressed only when PA is combined with LF (forming the lethal toxin, LT) or EF (forming the edema toxin, ET). Lethal toxin, shown in vitro to cause lysis of macrophages and macrophage-like cell lines, 9 is the major contributor to virulence in infected animals. 10, 11 Edema toxin has been recently shown to co-operate with LT to impair cytokine secretion from immune cells. 12 The capsule, composed of poly-D-glutamic acid, allows bacilli to grow unrestrained in the infected host, since it inhibits phagocytosis of the vegetative cells by immune cells like macrophages and neutrophils. 13 Several studies have focused on the innate immunity system response of macrophages after B. anthracis spore infection. Cytokine secretion was reported to be induced in J774.1 murine macrophages, 14 primary peritoneal macrophages, 15 murine or human dendritic cells, 15, 16 and human alveolar macrophages 17 after in vitro exposure to live spores. These studies show TNF-a as a common induced cytokine in all tested cells, while secretion of other cytokines (such as IL-6, IL-1b and IL-12) was not found to be universal. In these experiments, the immune cells were exposed to viable spores that germinated within the cells, escaped and proliferated in the culture supernatant. Thus, it is not clear whether TNF-a secretion was induced in response to spore-or vegetative-related antigens. However, the recorded pro-inflammatory response of macrophages might be mediated by pathogen-specific molecular patterns (PAMPs) specific receptors, including the Toll-like receptor (TLR) family. 18 Here, we present data from macrophage cultures activated either with viable or UV-killed spores or exosporium, and decipher the contribution of each of the virulence plasmids in viable spore infection. In addition, we tested whether TNF-a secretion, which was induced by both UV-killed and viable spores, was associated with the presence of functional TLR2 receptor in a hamster model.
MATERIALS AND METHODS

B. anthracis strains
The strains used in this study were B. anthracis Vollum (ATCC14578, Tox þ Cap þ ), and three attenuated B. anthracis Vollum strains: ÁpXO2 (Tox þ Cap À ), ÁpXO1 (Tox À Cap þ ) and ÁpXO1ÁpXO2 (Tox À Cap À ). B. anthracis Á14185 (Tox À Cap À , derived from ATCC14185) and B. anthracis ÁATCC6605 (Tox À Cap þ derived from ATCC6605). All strains are from the IIBR collection. 19 
Animals
Chinese and Syrian hamsters were obtained from Charles River, Germany. The animals received food and water ad libitum. All animals were cared for according to the 1997 NIH guidelines for the care and use of laboratory animals; the IIBR animal use committee approved all experimental protocols. The intranasal 50% lethal doses (LD 50 ) for Vollum strains in Chinese or Syrian hamsters were estimated by using three inoculation doses (4 animals per group) and a refinement experiment with intermediated three doses (4-6 animals per group). The LD 50 values were then calculated according to the method of Reed and Muench. 20 Preparation of spores and UV-killed spores Spores were produced in sporulation medium G, as described previously. 21 B. anthracis cultures exhibiting free spores monitored by phase microscopy and malachite green staining were collected. Spores were harvested by centrifugation at 10,000g for 30 min, and washed six times in cold, double-distilled water. Traces of vegetative cells were removed by centrifugation through urografin as previously described 22 and the purified spores were resuspended in water at a concentration of 1-3 Â 10 9 spores/ml as determined by colony counting on tryptose agar (TA) plates and stored at À20 C until use. UV-killed, urografin-purified spores were prepared by UV irradiation at 600 J/m 2 (in UVC-500, Pharmacia Biotech). Spore death was confirmed by viable count on TA plates and UV-killed spore final concentrations confirmed by hemocytometer counting.
Preparation of water-soluble exosporium fraction (SEF)
Spores (3-5 Â 10 9 CFUs/ml) in 0.02 M phosphate buffer (pH 7.2) were sonicated in an ice-water bath in a cuphorn sonicator (Sonic & Materials Vibrio cell vex 750) for 60 s using maximum output and continuous power. The sonicated spores were then centrifuged at 14,000g and 4 C for 5 min and the supernatant was collected and filtered through a 0.22 mm Filter (Milex SLGV00SL, Millipore). Protein concentration was determined by the BCA method according to the manufacturer's protocol (Pierce, Rockford, IL, USA), with bovine serum albumin as standard. The SEF extracts were stored at À20 C until use.
Murine macrophage culture RAW 264.7 murine macrophage cells (ATCC TIB-71) were grown in DMEM supplemented with 10% fetal calf serum, 1 mM L-glutamine, 10 mM Na-pyruvate, 100 U/ml penicillin, 100 mg/ml streptomycin and 0.1 mM non-essential amino acids (all reagents from Biological Industries, Beit Haemeq, Israel). RAW 264.7 cells were plated on 24-well tissue culture plates at a concentration of 5 Â 10 6 cells/well and incubated for 17 h at 37 C under 7.5% CO 2 . For the assay of UV-killed spores, the culture supernatants were replaced with fresh supplemented DMEM with various concentration of either UV-irradiated urografin purified Á14185 spores, latex beads (0.91 mm; Estapor, Merck), SEF or hen egg lysozyme (HEL; Sigma), as described in Results. After 17 h incubation (37 C, 7.5% CO 2 ), culture supernatants were collected and kept at À20 C until cytokine concentrations were determined. Assays with viable spores were performed as described previously. 23 Briefly, infection was carried out with 5 Â 10 5 spores of Vollum strains (multiplicity of infection [MOI] ¼ 1 : 1). The plates were centrifuged at 650g for 5 min and incubated for 30 min (37 C, 7.5% CO 2 ) to allow phagocytosis. The plates were washed 4 times with supplemented DMEM containing 2.5 mg/ml gentamycin and incubated for an additional 2.5 h with gentamicin-supplemented DMEM in order to kill extracellular bacteria. After incubation, the plates were washed 4 times with supplemented DMEM without antibiotics (t 0 ) and re-incubated up to 22 h. At selected time points, the supernatants were collected (and kept at À20 C) for determination of lactate dehydrogenase (LDH) release, pro-inflammatory cytokine secretion and accumulated PA concentrations.
Hamster peritoneal macrophages
Chinese and Syrian hamsters were primed i.p. with thioglycolate. After 3-5 days, the animals were sacrificed and the peritoneal cavity was washed with cold, sterile DMEM. The peritoneal cells were washed twice more (200g, 10 min) with supplemented DMEM and plated in 24-well plates at a final concentration of 5 Â 10 5 cells/ml. For UV-killed spore assays, the culture supernatants were replaced with fresh supplemented DMEM with various concentrations of either UV-irradiated, urografin-purified Á14185 spores (MOI 12.5-100 spores/macrophage), crude capsule (diluted 1 : 20 to 1 : 5000) or synthetic PDG (100 mg/ml). LPS (10 ng/ml, Escherichia coli O26 : B6, Sigma) and PGN (10 mg/ml, Staphylococcus aureus, Sigma) were used as positive controls for TLR4 and TLR2 agonists, respectively. After 17 h, incubation (37 C, 7.5% CO 2 ), culture supernatants were collected and kept at À20 C until cytokine concentrations were determined. Assays with viable spores and primary hamster peritoneal macrophages were performed as described above, except for a single supernatant collection at 6.5 h after antibiotic removal.
Crude capsule and synthetic PDG
Crude capsule was extracted from the culture supernatants of B. anthracis ÁATCC6605 (Tox À Cap þ ), following autoclaving, filtration, acidification, ethanol precipitation and further purification with AgNO 3 , as previously described. 24 Synthetic PDG was kindly provided by Dr E. Elhanany (IIBR, Israel).
Determination of cytokine secretion by macrophages
The pro-inflammatory cytokine profile (TNF-a, IL-1b, IL-6, IL-10 and IL-12 p70) in culture supernatants was determined with ELISA Dou-sets according to the manufacturer's protocol (R&D Systems, Minneapolis, MN, USA). The limit of detection levels for each cytokine are: TNF-a, 32 pg/ml; IL-1b, 16 pg/ml; IL-6, 16 pg/ml; IL-10, 32 pg/ml; and IL-12 p70, 32 pg/ml. TNF-a levels in hamster primary peritoneal cultures were determined by bioassay on WEHI-164 cells (CRL-1751, ATCC, Manassas, VA, USA), as previously described. 25 The bioassay limit of detection is 100 pg/ml.
Determination of cell lysis
Macrophage lysis was determined by monitoring the accumulation of LDH from damaged cells in culture supernatants with CytoTox 96 according to the manufacturer's protocol (Promega, Madison, WI, USA).
Determination of PA concentration
PA levels in macrophage culture supernatants were determined using ELISA as previously described. 26 
Determination of endotoxin contamination
Spore preparations, SEF extracts, crude capsule extracts and synthetic PDG were tested for endotoxin contamination by Limulus Amebocyte Lysate (LAL) cartridges in the Endosafe-PTS system (Charles River, Charleston, SC, USA) and were found to contain less than 0.05 EU/ml at the highest concentration used.
Statistical analysis
The variance between the amount of phagocytosed spores, LDH release, PA concentrations and secreted TNF-a levels was analyzed by ANOVA. Differences in mean time to death between Syrian and Chinese hamsters were analyzed by Student's t-test. All tests were performed using GraphPad Prism v.4.03 for Windows, GraphPad Software (San Diego, CA, USA; 5www.graphpad.com4).
RESULTS
Phagocytic response of macrophage cell line to live spores
Following infection of macrophages with virulent B. anthracis spores, the phagocytosed spores germinate and grow as encapsulated vegetative cells that secrete the tripartite toxin. 27 In order to define the contribution of each of these virulent components to macrophage activation, RAW 264.7 macrophage cultures were exposed (MOI of 1 : 1) to viable Vollum spores of the TLR2 in B. anthracis spore infection 45 following strains: wild-type (Tox þ Cap þ ), toxinogenic ÁpXO2
(Tox þ Cap À ), encapsulated ÁpXO1 (Tox À Cap þ ), and non-virulent ÁpXO1ÁpXO2 (Tox À Cap À ). After antibiotic removal, the culture supernatants were collected (at 4, 6.5, 8.5, 11 and 22 h) and monitored for accumulation of vegetative bacilli, degree of macrophage lysis, PA concentration and secreted cytokine levels (Fig. 1) . The B. anthracis spores, from all four Vollum strains, were phagocytosed by RAW 264.7 macrophages, germinated within the macrophage cells and escaped as vegetative bacteria. Following infection, we detected a similar degree of phagocytosed spores of all four strains, but we observed differences between the strains in the rate of escape from the macrophages: Tox þ Cap þ 4Tox þ Cap À , Tox À Cap þ 4Tox À Cap À (Fig. 1A) . The wild-type Tox þ Cap þ bacilli proliferation in the culture supernatants was accompanied by macrophage lysis, as determined by LDH release from the cells, starting at 8 h after antibiotic removal with full macrophage lysis at 11 h (Fig. 1B) . In cultures inoculated with the Tox þ Cap À strain, macrophage lysis was delayed and could be detected 22 h post antibiotic removal ( Fig. 1B) . Macrophage lysis in Tox þ Cap þ and Tox þ Cap À infected cultures was associated with high PA concentrations in the supernatants (Fig. 1C) . In contrast to toxinogenic strains, the accumulation of bacilli in supernatants from encapsulated Tox À Cap þ and non-virulent Tox À Cap À strains did not induce macrophage lysis ( Fig. 1B) and, as expected, the deletion of pXO1 resulted in absence of secreted PA (Fig. 1C) . These findings support the assumption that macrophage lysis was mainly induced by the B. anthracis secreted toxins. The pro-inflammatory cytokine profile was monitored at each sampling point. Similar high TNF-a levels ($1 ng/ml) were detected up to 8.5 h post antibiotic removal regardless of Vollum strain used (Fig. 1D ). At later time points (11 h and 22 h), an increase in TNF-a levels was detected only in the cultures inoculated with capsular Tox À Cap þ and non-virulent Tox À Cap À Vollum strains (Fig. 1D) .
These results indicate that the macrophages in those cultures are still alive and able to secrete cytokines. In all four phagocytic cultures, we could not detect the secretion of IL-1b, IL-6, IL-10 and IL-12 cytokines (data not shown).
Phagocytic response of macrophage cell line to UV-killed spores
In order to study the primary response of macrophages to B. anthracis spores while eliminating the response to vegetative-stage related antigens, we exposed the RAW 264.7 macrophage-like cell line to UV-killed spores (UV-SP). The inactivation of spores by exposure to UV light 28 was preferred since it maintained their antigenic structure. The macrophage-like cells were inoculated with UV-killed Á14185 spores with increasing MOI ratios ranging from 12.5 : 1 to 100 : 1 (spores : macrophage), and tested for secretion of cytokines. For negative controls, RAW 264.7 cultures were inoculated with latex beads at the same MOIs. The pro-inflammatory cytokine profile was analyzed by determination of secreted TNF-a, IL-10, IL-1b, IL-6 and IL-12 levels, 17 h post inoculation. Significant TNF-a levels were detected in all cultures inoculated with spores, but not in those with latex beads ( Fig. 2A) . Furthermore, using a MOI of 50 : 1, TNF-a was detected starting from 3 h post inoculation, and accumulated linearly up to 24 h (data not shown). UV-SP activated macrophages did not secrete IL-1b, IL-6, IL-10 and IL-12 (data not shown).
We next tested whether the induction of TNF-a secretion was associated with antigens derived from the outer layer of the B. anthracis spores, the exosporium layer. Soluble exosporium fraction (SEF), which was isolated by sonication of Á14185 spores, was found to induce TNF-a secretion in a dose-dependent manner from RAW 264.7 cells (Fig. 2B) , while non-relevant protein (HEL) had no effect. Again, we could not detect secreted IL-1b, IL-6, IL-10 and IL-12 in SEF-activated macrophage cultures (data not shown). These findings suggest that antigens in the exosporium layer may be involved in activation of macrophages to secret TNF-a.
Involvement of TLR2 in TNF-a secretion following exposure to UV-killed B. anthracis spores TNF-a was shown to be secreted by RAW 264.7 cells infected with UV-killed or viable B. anthracis spores.
As TLR2 was previously found to mediate the induction of TNF-a by Gram-positive bacteria, 18 we studied the involvement of TLR2 in spore-macrophage interaction. For that purpose, we compared the outcome of infection of Chinese hamster peritoneal macrophages which lack a functional TLR2 receptor 29 and Syrian hamster peritoneal macrophages which express a normal receptor. 30 We used this genetic difference to study the role of TLR2 in induction of TNF-a secretion after phagocytosis of B. anthracis UV-killed and viable spores. Primary peritoneal macrophages from both hamster strains were harvested and cultured with Á14185 UV-killed spores (MOI between 12.5-100 spores/macrophage). TNF-a secretion was analyzed by bioassay with WEHI-164 fibroblasts. The results demonstrated that both Chinese and Syrian hamster primary cultures secreted significant amounts of TNF-a ( Fig. 2C ,D, respectively) compared to untreated controls ( Fig. 2E ). As expected, the Syrian hamster primary cultures were activated by both LPS (TLR4 agonist) and PGN (TLR2 agonist) while Chinese hamster primary cultures responded only to LPS ( Fig. 2E) . These findings suggest that macrophage activation by UV-killed spores does not require a functional TLR2.
Involvement of TLR2 in TNF-a secretion following exposure to B. anthracis capsule
During the first stages of germination, spores are quickly covered by poly-D-glutamic acid capsule that masks the vegetative cellular membrane. Thus, mainly capsuleassociated antigens are presented to the host immune cells. For that reason, we next studied the contribution of TLR2 expression on TNF-a secretion from hamster peritoneal macrophages in response to capsular antigens (Fig. 3) . Chinese hamster peritoneal macrophages did not secrete TNF-a in response to crude capsule preparation (Fig. 3A) , while Syrian hamster peritoneal macrophages were highly induced to secrete TNF-a by a crude capsule preparation (Fig. 3B ). We corroborated these findings, by showing that only macrophages from Syrian hamsters responded to synthetic PDG (1 mg/ml; Fig. 3B ). These results implied that TNF-a secretion by hamster peritoneal macrophages in response to B. anthracis capsule antigens may be mediated by functional TLR2.
Involvement of TLR2 in TNF-a secretion following exposure to live B. anthracis spores
Based on our studies with RAW 264.7 cells, we investigated the response of primary peritoneal Fig. 2 . TNF-a secretion in response to spore antigens. RAW 264.7 cells were exposed to (A) UV-killed Á14185 spores (black) or latex beads (grey) as control, and (B) SEF (black) or HEL (grey) as control. Culture supernatants were collected after 17 h and secreted TNF-a concentrations were determined by ELISA. Primary peritoneal macrophages from Chinese (C) or Syrian (D) hamsters were exposed to UV-killed Á14185 spores. For controls (E), Chinese (grey) or Syrian (black) primary peritoneal macrophages were exposed to LPS, PGN or left untreated. Culture supernatants were collected after 17 h and secreted TNF-a concentrations were determined by bioassay on WEHI-164 cells. macrophages from both hamster strains (6 animals from each hamster strain) to inoculation with spores from the four Vollum strains. The culture supernatants that were collected after 6.5 h after antibiotic removal contained TNF-a in both Chinese (Fig. 4A) and Syrian (Fig. 4B ) peritoneal macrophages with no differences between the inducing Vollum strains. Taken together, these findings suggest that macrophage activation by viable spores does not require a functional TLR2. These findings support the assumption that, after the initial activation by sporal antigens, the macrophages are fully activated and the induced TNF-a secretion is not enhanced by macrophage secondary interaction with vegetative antigens.
Contribution of TLR2 in an in vivo model of infection
Finally, the in vivo contribution of functional TLR2 was further tested in hamsters. Chinese and Syrian hamsters were intranasally infected with various doses of spores from the following Vollum strains: Tox þ Cap þ , Tox þ Cap À , and Tox À Cap þ . Death of the infected animals was recorded and LD 50 values and mean time to death (MTTD) were calculated for each Vollum strain in both hamster strains (Table 1 ). Both hamster strains (Chinese and Syrian) were found to be similarly sensitive to infection with the virulent Vollum (Tox þ Cap þ ) spores, exhibiting LD 50 values of 800 and 420 spores, respectively. However Chinese animals died Fig. 3 . TLR2 mediates TNF-a secretion in hamster peritoneal macrophages. Primary peritoneal macrophages from Chinese (A) or Syrian (B) hamsters were exposed to various concentrations of crude capsule preparation, synthetic PDG (1 mg/ml), LPS (1 mg/ml) or left untreated. Culture supernatants were collected after 17 h and secreted TNF-a concentrations were determined by bioassay on WEHI-164 cells. Fig. 4 . TNF-a levels in primary hamster peritoneal macrophage cultures following phagocytosis of viable spores. Primary peritoneal macrophages from Chinese (A) or Syrian (B) hamsters were infected (MOI of 1 : 1) with B. anthracis spores from four Vollum strains: Tox þ Cap þ (wt), Tox þ Cap À (ÁpXO2), Tox À Cap þ (ÁpXO1) and Tox À Cap À (ÁpXO1ÁpXO2). At 6.5 h after antibiotic removal, the supernatants were collected and secreted TNF-a concentrations were determined by bioassay on WEHI-164 cells. The bars represent results obtained from six different primary cultures for each hamster strain. The bioassay limit of detection is presented in grey.
faster than the Syrian animals, with a MTTD of 2.2 AE 0.1 days compared to 4.2 AE 0.8 days, respectively (P50.05). For capsular Vollum spores (Tox À Cap þ ), Chinese hamsters were at least 10-fold more sensitive than Syrian hamsters to infection but the MTTD in both hamster strains was found to be basically similar (P ¼ 0.574). Toxinogenic Vollum spores (Tox þ Cap À ) were found to be virulent only in Chinese hamsters with delayed MTTD of 4.2 AE 1.7 days when compared to MTTD of Tox þ Cap þ or Tox À Cap þ Vollum strains in Chinese hamsters (P50.05). Syrian hamsters were found to be resistant to intranasal infection with the Tox þ Cap À Vollum strain (LD 50 42 Â 10 8 CFUs). Taken together, the in vivo data imply that TLR2 might play an important role in the innate immunity of animals to infection with B. anthracis spores.
DISCUSSION
Following the central role of alveolar macrophages in the initial stages of inhalational anthrax, studies on macrophage-spore interaction might contribute to the understanding of bacterial strategies designed to avoid and exploit the host immune system. By using viable B. anthracis spores (from wild-type and attenuated Vollum strains) and murine macrophages, we demonstrated that spore phagocytosis occurred regardless of the presence or absence of the bacterial virulence plasmids (pXO1, pXO2), but difference in bacterial escape and proliferation in the supernatants were recorded (wild-type strain 4ÁpXO1, ÁpXO24ÁpXO1ÁpXO2. The delay in bacterial proliferation of attenuated strains compared to wild-type may be explained by the partial ability of macrophages to kill vegetative bacilli of B. anthracis. 6, 7 However, even with a full attenuated strain, at low MOI (1 : 1 spores : macrophage), the vegetative bacteria grow and proliferate thus overcoming the macrophage defense systems as demonstrated with RAW 264.7 cell-line and hamster peritoneal macrophages. Macrophage lysis was found to be associated with strains harboring functional pXO1 (wild-type and Tox þ Cap À ) and due to accumulation of tripartite toxin concentration in the supernatant, whereas pXO1 cured strains did not lyse the Tox À Cap þ and Tox À Cap À cells. These findings are in agreement with data obtained with cured Sterne strain. 5, 14 Following phagocytosis, we demonstrated that the macrophages were activated to secret TNF-a. Since TNF-a levels (up to 8.5 h post antibiotic removal) were similar in RAW 264.7 or hamster peritoneal macrophage cultures exposed to all four Vollum strains (regardless to their attenuation status), it is possible that TNF-a induction occurred at the initial interaction of macrophages with the spores. Our data show that macrophages are activated in response to UV-killed spores probably by antigens in the exosporium layer, as confirmed also in experiments using SEF. Other studies had demonstrated that TNF-a induction can be linked to B. anthracis heat-killed vegetative bacteria or capsule, 31, 32 and our results are in agreement with these findings. However, our data demonstrate that similar levels of the cytokine were secreted by macrophages in response to capsular or non-capsular Vollum strains, giving additional support to the assumption that the macrophages were probably fully activated by the spore-associated antigens at the initial stages of phagocytosis.
TNF-a has been previously shown to play a crucial role in sensitizing macrophages from resistant mice to LT, as addition of poly-D-glutamic acid induced TNF-a or external cytokine addition prompted cell lysis by the toxin. 32 Thus, B. anthracis exploits the innate response of cytokine activation of cells to ensure their sensitivity to LT. In this study, we tested whether the secretion of TNF-a was linked to TLR2 receptor activation by either spores or vegetative bacilli. By using primary peritoneal macrophage cultures from hamsters, we were able to demonstrate that TNF-a secretion in response to UV-killed spores does not require functional TLR2. It might be possible that spore antigens activate macrophages by other PAMP receptors, but additional experiments are required to address this issue. Infection with viable spores of primary peritoneal macrophage cultures from both hamster lines, demonstrated that TNF-a secretion was not affected by the absence of functional TLR2. Taken together, macrophages-spore initial interaction may result in full activation of the cells in a manner such that additional signaling by vegetative antigens does not enhance the secreted TNF-a levels. This statement is in agreement with our findings with the The in vivo role of TLR2 and TLR4 was previously suggested in knockout mice models, where the receptor knockout was designed in the B57bl/B6 background and the susceptibility to infection via the respiratory route (with Sterne strain) was studied and compared to the A/J mice strain. 31 The infection was carried out with a fixed dose of 1-5 Â 10 6 CFUs that represent 1-6 LD 50 for the C57bl/b6 strain but 1000 LD 50 for A/J; 11 thus, the extreme differences in the inoculation doses between the mice strains might mask the TLR knockout effects. However, the authors were able to demonstrate that blocking of common TLR signaling pathway (by MyD88 knockout) resulted in high susceptibility of B57bl/B6 mice similar to the A/J mice. 31 Here, we present the in vivo contribution of TLR2 during B. anthracis intranasal infection with virulent or partially attenuated Vollum strains. During infections, absence of functional TLR2 expression was found to result in a shorter MTTD with virulent wild-type Vollum strain and increase sensitivity to either capsular or toxinogenic strains. Taken together, our findings further expand the understanding of the role of TLR2 in in vivo infections, and imply that TLR2 might play an important role in the ability of innate immunity to control infection. It should be noted that our findings in the hamster model revealing higher virulence for encapsulated strains in comparison with toxinogenic strains, lays down a scientific basis for the former findings that immunized Syrian hamsters are not protected by PA vaccination while having high neutralizing antibody titers. 33 
CONCLUSIONS
This study has demonstrated the importance of TLR2 expression in the innate immune system attempts to control B. anthracis infection via the respiratory route, and expands the understanding of macrophage-spore interactions. We suggest that, during infection, the macrophages that encounter invading spores are activated to secrete TNF-a in response to B. anthracis spore-related antigens in a TLR2-independent pathway. After germination within the macrophage, the expression of the capsule does not induce additional cytokine secretion. However, secondary recruited macrophages may be activated by vegetative stage antigens (i.e. the capsule), to secrete TNF-a through TLR2-dependent pathways. The ability to induce TNF-a secretion through different pathways and the importance of local TNF-a in sensitizing macrophages to LT cytotoxicity, demonstrate bacterial strategies to exploit the ability of the innate system to secrete TNF-a in order to ensure macrophage and dendritic cell depletion in the host.
